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Abstract: 3 monovarietal wines obtained in two consecutive years in Jidvei Winery Romania were 
investigated in respect of total polyphenols, total flavonoids and antioxidant activity before and after 
blending for sparkling wine obtaining. The three varieties were Chardonnay, Pinot Noir and Royal 
Maiden (Feteasca Regala). Total polyphenols were determined with Folin-Ciocalteu reagent, total 
flavonoid content with sodium nitrite, aluminum chloride and sodium hydroxide and antioxidant 
activity using Radical Scavenging Activity and Ferric Reducing Antioxidant Power methods. All 
mentioned parameters were determined by UV-VIS absorption spectrometry. The determined total 
polyphenolic content were within the interval 307.21-727.43 mgGAE/l wine for simple varieties and 
within 405.44-472.74 mgGAE/l for blends and final product (sparkling wine). Total flavonoid content 
ranged between 16.74 and 242.46 mgQE/l wine in simple varieties and between 38.48 and 80.18 
mgQE/l for blends and sparkling wine. Antioxidant activity was correlated with total polyphenols and 
total flavonoids. 
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INTRODUCTION 
 
Sparkling wine production is made by four distinctive methods: 
- Classical champenoise method or “in bottle”, obtained through a second fermentation of 
the wine raw material in bottle, followed by lees removal by disgorging (dégorgement in 
French) and riddling (remuage in French) 
- Discontinuous or charmat method done by second fermentation of base wine in bulk 
tanks, pressure resistant and addition of a yeast and a small amount of sugar, called the 
liqueur de tirage, followed by filtration in clean recipients and bottling (Hidalgo at al., 
2004; Stefenon at al., 2009) 
- Transfer method, in which second fermentation take place in bottles where the wine has 
stayed the desired time on yeast lees, followed by disgorging and riddling operations and 
in the end sparkling wine is cooled and transferred into a larger tank (method name). The 
wine is filtered, liqueur de dosage added and filled back into new bottles. 
- Continuous method based on a fermentation procedure in a system composed by several 
tanks, hermetically closed, connected in between. Wine base, biologically deoxygenated 
and well homogenized with sugar and yeast solution is continuously introduced in this 
system. 
Sparkling wines have different physico-chemical characteristics, including phenolic 
composition, in accordance with the grape variety used for base wine production (Chamkha at 
al., 2003; Pozo-Bayón at al., 2003; Alberici Stefenon at al., 2010). As phenols are considered 
free radical scavengers, their antioxidant activity depend on the structure of polyphenols 
(phenolic acids, flavonoids, proantocyanidins, anthocyanidins) (Jordão at al., 2010). The 
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content of phenols and antioxidant activity of sparkling wines is related to base wine used in 
the production but also is related to growth cultivation techniques, oenological techniques and 
ageing process (Yilmaz, 2004; Pérez-Magariño, 2006). 
According to numerous authors, the antioxidant activity of wines is due to the total 
polyphenol concentration and also individual phenols (Satué-Garcia at al., 1999; Rivero-Pérez 
at al., 2007; Sun at al., 2009). 
For sparkling wine production, quality base wines are used, medium sugar varieties 
in ripeness (160-190 g/l) and high acidity (8-10 g/l H2SO4). Using Champenoise method to 
produce sparkling wines, few varieties of grapes are used. The main variety is Pinot Noir (for 
strength, finesse and stout) and Chardonnay (for fruitiness and smoothness). In Transilvanian 
vineyards and especially Jidvei winery, also Royal Maiden (Feteasca Regală) variety is used 
together with the first mentioned varieties to obtain sparkling wines characteristic to this 
vineyard (Jidvei, Romantine and Mărgăritar). 
As far as we know, no previous studies about the manufacture of sparkling wine with 
Pinot Noir, Chardonnay and Royal Maiden varieties in Romania have been done so far. The 
main objective of the present study is thus to investigate the polyphenolic content, flavonoid 
content and antioxidant capacity, together with scavenging activity of the three principal 
monovarietal wines used as base wine and their mixtures for sparkling wine production in 
Jidvei winery.  
 
MATERIALS AND METHODS 
 
1. Wine samples. Two consecutive years Pinot Noir, Chardonnay and Royal Maiden 
wines used for sparkling wine production were analyzed together with intermediate and final 
product. All wines were elaborated from Vitis vinifera varieties, cultivated in Jidvei Region 
and obtained by fermentation process and treated following a technology of red wine, rosé 
wine and blank wine vinification.  
 
2. Chemicals. 6-hydroxyl-2,5,7,8-tetramethyl-2-carboxylic acid (Trolox), 2,4,6-
tris(2-pyridyl-s-triazine (TPTZ), 2,2-diphenyl-1-picrylhydrazil radical (DPPH) and Folin-
Ciocalteu’s reagent were purchased from Sigma-Aldrich. All other reagents used were of 
analytical grade purity.  
 
3. General chemical analysis. Base wines and sparkling wine samples were analyzed 
for pH, titratable acidity, alcohol concentyration, SO2 levels, using the methods from OIV 
(2006) (OIV, 2006). 
 
4. Total phenolic content. Total polyphenolic content of the samples was determined 
by Folin-Ciocalteu method (Singleton, 1965), using gallic acid as standard for calibration 
curve (y=8.133x-0.033; R2=0.999). Results were expressed as gallic acid equivalents per liter 
wine.  
 
5. Total flavonoid content. Total flavonoid content was determined after Kim and 
col. (2003)( Kim at al., 2003) method, using NaNO2, AlCl3 and NaOH as reagents. Different 
concentrations of quercetin were used for calibration curve (y=11.52x+0.035; R2=0.998). 
Absorbencies of sample and blank were registered at 510 nm and results were expressed as 
average of three determinations, in mg quercetin equivalents/l (mgQE/l) wine.  
 
6. Radical scavenging activity. The ability to scavenge free radicals of the samples 
was measured by in vitro assay using 2,2-diphenyl-1-picrylhydrazil radical (DPPH*) and 
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determining the percent of inhibition for the samples. Trolox was used as positive control to 
produce the calibration curve (y=722.4x-1.076; R2=0.999). DPPH radical scavenging activity 
was measured using a modified method of Brant-Williams (1995) ( Brant-Williams at al., 
1995). Base wines and sparkling wines were properly diluted with a solution of 15% ethanol 
and mixed with the purple color solution of DPPH radical. The discoloration of the reaction 
mixture was measured at 415 nm in a Shimadzu spectrophotometer UV-1700 towards a blank. 
Results were expressed as % inhibition and milimolar Trolox using the dose-response 
calibration curve described before. 
 
7. Antioxidant activity. FRAP method (Benzie and Strain, 1996) was used to measure 
the reductive power of the wine samples. This method is based on the increasing absorbance 
at 593 nm by formation of tripyridyl-S-triazine complex with Fe(II) (TPTZ-Fe(II) in the 
presence of an antioxidant. Different concentrations of FeSO4 were used to make the 
calibration curve (y=0.656x+0.170; R2=0.999). Results were expressed as mmolFe(II) per 
liter wine.  
 
8. Statistical analysis. The samples were analyzed in three replicated and the results 
were expressed as mean ± standard deviation. Pearson correlation coefficient between total 
phenolic and total flavonoid content, scavenging activity and antioxidant power in the two 
years of production was made using Microsoft Excel 2007 software. Analysis of variance and 
comparison between samples (ANOVA, one way) was performed in order to determinate the 
statistically significant differences between samples. 
 
RESULTS AND DISCUSSIONS 
 
 Wine-making techniques play an important role in polyphenols levels in wine 
(Bourzeix at al., 1986) as well as the sparkling wine making technique (Stefenon at al., 2009). 
Red wine vinification and Champenoise method proved to give the best results in 
polyphenolic content until now.  
Results of total phenolic content (TP) and total flavonoid content (TF) in wine 
samples (monovarietal, blends and sparkling) are presented in Tabel 1. The three 
monovarietal wines present different amounts of TP, the highest amount being registered in 
red wine Pinot Noir 2010 vintage (727.43 mgGAE/L). Romanian variety Royal Maiden 
(Feteasca Regală) is also a wine with high content of total phenolics (585.06 mgGAE/l 2010 
vintage and 438.02 mgGAE/l 2011 vintage). Chardonnay  wine present the lowest amount of 
total phenolics (454.13 mgGAE/l 2010 vintage and 307.21 mgGAE/l 2011 vintage). As it can 
be observed from Table 1, wines produced in 2010 present higher amounts of phenolics than 
those from 2011, the explanation being that wines from 2011 were immediately filtered after 
crushing, in this way not many phenolics from skin and seeds came into must. Blends of these 
three wines present also higher amounts of phenolics in 2010 than in 2011, the result being 
similar for final product – sparkling wine.  
Total flavonoid content follow the same profile, the highest amount being registered 
for Pinot Noir 2010 vintage (242.46 mgQE/l), followed by Royal Maiden 2010 (122.7 
mgQE/l). Total flavonoid content in 2011 for the same varieties was smaller, with the highest 
amount for Royal Mayden (93.85 mgQE/l) and Pinot Noir (78.49 mgQE/l). Higher amounts 
of total polyphenols and total flavonoids are registered in final product sparkling wine in 2010 
and in 2011, compared with the blend (see Table 1).  
Similar results were obtained by different authors (Stefanon at al., 2009; Jordão at 
al., 2010), on sparkling wines obtained from Chardonnay, Pinot Noir or Merlot blends. Our 
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findings are higher than those of Chamkha et al. (2003), who investigate Chardonnay and 
Pinot Noir Champagnes obtained using “Blanc de Blancs” or “Blanc de Noirs” methods (only 
one variety not blends for sparkling wine production).  
No correlation was found between radical scavenging activity expressed as % 
inhibition of DPPH radical and the content of phenolic entities. 
 
Tab. 1 
Total amount of polyphenolic substances (total polyphenols and total flavonoids) and % 
inhibition  in the analyzed wines, their blends and sparkling wine 
 
Sample name TP 
(mgGAE/l-1) 
TF 
(mgQE/l-1) 
RSA (%) 
Chardonnay 2010 454.13±1.22 63.65±1.04 74.66 
Royal Maiden 2010 585.06±4.17 122.7±3.56 88.18 
Pinot Noir 2010 727.43±12.17 242.46±3.68 77.57 
Blend 2010 445.28±4.35 65.34 ±0.25 83.05 
Sparkling wine 2011 462.74±1.22 80.18±1.6 82.88 
Chardonnay 2011 307.21±4.52 16.74±0.98 49.14 
Royal Maiden 2011 438.02±85.49 93.85±4.73 72.09 
Pinot Noir 2011 579.41±25.04 78.49±3.01 69.01 
Blend 2011 405.44±5.74 38.48±3.01 62.33 
Sparkling wine 2012 435.57±83.8 58.48±2.33 83.56 
Values represent means of triplicate determinations ± SD. TP – total polyphenols 
expressed as gallic acid equivalents. TF – total flavonoids expressed as quercetin equivalents. 
RSA – radical scavenging activity expressed as % inhibition of DPPH radical 
 
Antioxidant properties evaluated by two different methods in the base wines 
Chardonnay, Pinor Noir and Royal Maiden, their blends and sparkling wines are presented in 
Figure 1. From the three varieties used for blends, Romanian variety Royal Maiden presents 
the highest radical scavenging activity (123.56 and 101.28 mmol Trolox/l in 2010 and 2011 
vintages). Sparkling wine obtained by blends of Chardonnay, Pinot Noir and Royal Maiden 
had similar amounts (116.21 and  117.16 mmol Trolox/l). Whole year 2010 gave good wines 
and their blends and sparkling wine obtained present higher values for radical scavenging 
activity. 
Antioxidant capacity, considering the FRAP method, ranged from 1.76 
mmolsFe(II)/l in Chardonnay 2011 vintage wine to 18.29 mmols Fe(II)/l in Pinot Noir 2010 
vintage wine. This antioxidant activity is correlated with the high content of total polyphenols 
and total flavonoids in this wine. Also Royal Maiden 2010 vintage wine present high 
antioxidant capacity (6.24 mmols Fe(II)/l), but also 2011 vintage wine have a high antioxidant 
capacity (4.14 mmols Fe(II)/l), compared with Chardonnay from the same year (4.27 and 1.76 
respectively). Sparkling wine obtained in both years present similar antioxidant capacity, 
higher than their respective blends. These findings are in accordance with those reported for 
Portuguese white sparkling wines or French white wines (Jordão at al., 2010; Landrault at al., 
2001). 
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Fig 1. Antioxidant properties of the  monovarietal wines, their blends and sparkling wine. RSA – 
radical scavenging activity, DPPH method; AA – antioxidant activity FRAP method. 
 
Data in Table 2 show the correlation between the total polyphenol content, total 
flavonoid content and antioxidant activity measured by two distinctive methods. As show in 
Table 2, total polyphenolic content was highly correlated with total flavonoid content (0.828), 
and the two methods for antioxidant activity measurement were also highly correlated 
(0.969). 
Good correlation was obtained when comparing total flavonoid content and 
antioxidant capacity measured by FRAP method.  
 
Tab. 2 
 Pearson correlation matrix between the analyzed parameters of wines 
 
  TP TF RSA AA 
TP 1 0.828 0.250 0.435 
TF 0.828 1 0.572 0.682 
RSA 0.250 0.572 1 0.969 
AA 0.435 0.682 0.969 1 
TP – total phenolic compounds; TF – total flavonoids;  
RSA – radical scavenging activity; AA – total antioxidant activity 
 
CONCLUSION 
 
  Total polyphenolic content, total flavonoids and antioxidant activity measured as 
radical scavenging activity and antioxidant power obtained in this study are comparable to 
base wines and sparkling wines produced in other regions of Europe. This is a confirmation 
that Romanian sparkling wines obtained in Jidvei Winery are good sources of antioxidants 
and can compete with renowned wineries from France, Spain or Portugal.   
Romanian grape variety Royal Maiden (Fetească Regală), is a very good source of 
antioxidants from the class of polyphenols, being in the top of studied varieties. When blank 
vinification is used for red grapes (Pinot Noir), the wine obtained from Royal Maiden Variety 
has higher amounts of flavonoids and polyphenols than the red one.  
We found that the phenolic content and antioxidant activity vary in terms of 
concentration from one year to another, from one vinification method to another and 
definitively from one variety to another. Champagne composition made from blends of white 
and red wines is not much different than that of individual wines, but more investigation is 
needed in the individual phenolic composition, processing practices and environmental factors 
of grape growing.  
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